Rafflesia tuan-mudae Becc. (Rafflesiaceae) is endemic to Borneo and was recorded from Sarawak and probably Kalimantan. Previous records showed that Tetrastigma rafflesiae (Miq.) Planch. (Vitaceae) is the only host plant for R. tuan-mudae. In this study the host plants were collected each time R. tuan-mudae was observed or collected. Out of 20 Tetrastigma specimens collected infected by R. tuan-mudae, 14 were identified as T. diepenhorstii (Miq.) Latiff while 6 belonged to T. rafflesiae. Therefore, a new host for R. tuan-mudae is recorded and descriptions for each host are presented.
Introduction
Rafflesiaceae is a plant family that consists of eight genera Apodanthes Poit., Bdallophytum Eichler, Cytinus L., Mitrastema Makino, Pilostyles Guillemin, Rafflesia R. Br. ex Gray, Rhizanthes Dumort., and Sapria Griffith with about 55 species recorded. All members in this family are obligate parasites and rootless and have no chlorophyll and therefore are dependent on the host plants for water, nutrients, and survival [1] . Currently, the genus Rafflesia consists of about 34 species and is distributed in the Southeast Asian region [1] [2] [3] [4] [5] [6] .
Some species of the genus Tetrastigma (Miq) Planch. (Vitaceae), a woody vine, are the host plants for Rafflesia species [1] . Tetrastigma is distributed mainly in the Asian tropics, ranging from India to China, across Southeast Asia, eastward towards Fiji and extending towards subtropical Australia [7] . The species climb using tendrils, which develop opposite the leaf [8] . There are a few that have been reported as the host plant for many Rafflesia species, namely, T. curtisii (Ridl.) Suess., T. diepenhorstii (Miq.) Latiff, T. glabratum Planch., T. papillosum Planch., and T. rafflesiae Planch. [1, [9] [10] [11] . However, the latter is the host plant for most Rafflesia species and also for Rhizanthes zippelii (Blume) Spach [1, 9] . Establishing the identity of the host plants is difficult mainly because they were usually not collected together with the Rafflesia [1] . Observations of 771 herbarium specimens from various herbaria such as BO, KEP, SAN, SAR, SING, SNP, and UKMB showed that there were only two records of Tetrastigma as the host. An example is shown by R. keithii (Coll. number SNP4088) where T. diepenhorstii is mentioned. Moreover, the hosts that were collected were sterile with no fruits or flowers, thus making reliable identification virtually impossible [1] . An ongoing study by Wan Nuur Fatiha Wan Zakaria is in progress to identify the sterile Tetrastigma species using molecular tools.
Rafflesia tuan-mudae Becc., commonly known as Pakma by the locals [12] , is one of the Rafflesia species endemic to
Materials and Methods
The study was carried out at Gunung Gading National Park (Lundu), Mount Pueh (Sematan), Tapak Rafflesia Kampung Temurang (Padawan), and Batang Ai National Park (Sri Aman). The host plants were collected together with the blooming flowers and young buds of R. tuan-mudae each time a collection or observation was made. The morphology of each Tetrastigma species was observed and measured in the field. This included growth habit, stem and stem lenticels, vegetative characteristics, and reproductive characteristics [8] . Collections were prepared as complete herbarium specimens and deposited at the Sarawak Herbarium (SAR), the Forest Research Centre, and the herbarium of Universiti Malaysia Sarawak.
Results and Discussion
A total of 20 Tetrastigma samples were collected. Of these, 14 were identified as T. diepenhorstii while six belonged to T. rafflesiae. Table 1 shows a list of species names, collection numbers, collection dates, localities, and collectors of the Tetrastigma species collected from four different populations.
It was reported that T. rafflesiae would be the only host for R. tuan-mudae [1] . However, this study showed that T. diepenhorstii is also a host making it the second host plant recorded for R. tuan-mudae. Descriptions of both Tetrastigma species observed and collected in this study are presented.
Tetrastigma rafflesiae (Miq.) Planch. (Figure 1) Climbing shrubs, climb up to 15 m high, large. Young stems terete, 2.6-4.1 cm in diameter, old stems terete, ca. 10 cm in diameter, or strap-like, 2.6-4.1 cm wide, ca. 2 cm thick, pustulate, young stems pustulate, terete. Leaves 3-foliolate to pedately 5-to 7-foliolate, coriaceous, glabrous on both surfaces, the adaxial surface nerves quite conspicuous, the abaxial surface nerves prominent, the petioles 6.7-11.6 cm long; terminal leaflets 13.6-20.5 × 4.2-9.4 cm, lanceolate, acuminate, acute at base, obscurely dentate, the petiolules 0.6-3.3 cm long; lateral leaflets 5.8-13.4 × 2.6-6.7 cm, lanceolate, rounded at base, the apex and margin as in terminal leaflets, the petiolules 0.4-2.5 cm long. Inflorescence a dichotomouscymes, peduncles 0.5-2.1 cm long. Staminate flowers ca. 2 mm long, ovoid. Pistillate flowers ca. 5 mm long, oblong, the staminode ca. 0.5 mm, the stigma-lobe rounded, ciliolate. Berries 1.5-2.0 cm in diameter, globose, 1-2-seeded; seeds 1.2 × 0.6 cm, oblong, the testa rugulose, the endosperm M-shaped in cross-section. Ecology and Habitat. It is mostly found on the margin of lowland dipterocarp forests, frequently on limestone outcrops and hill dipterocarp forests. In Sarawak, the species is recorded to inhabit on yellow sandy clay soil, near the river bank, and frequently on lowland kerangas forests. It is found in the mixed dipterocarp forests to lower montane forests. As far as it is known this is the host species for all the species of Rafflesia in Malesia except for R. keithii and R. kerrii.
Observations. It is recognised by its lanceolate, nondentate leaflets, and globose berries. In Peninsular Malaysia the species is most widely distributed, being recorded from various habitats throughout. In Sarawak, the species is mostly found at lower elevations. It is believed to be the host of the Rafflesia buds found in Ranau (Coll. number SP4308). It can climb up to the height of 7 m. The stem is black, peduncle and pedicel are green, and fruits are light green.
Tetrastigma diepenhorstii (Miq.) Latiff (Figure 2 Vernacular Name. Pupus, Pumpaos (Dusun, Sabah), Akar engkaranda, Bulunka (Iban, Sarawak).
Climbing shrubs, large, climbs up to ca. 20 m long. Tendrils simple, glabrous. Stems 0.5-1.5 cm in diameter, striate, pustulate. Tendrils simple. Leaves 3-foliolate, coriaceous, glabrous, abaxial surface chocolate-coloured, the petioles 6.5-17.2 cm long; terminal leaflets 10.2-20.4 × 4.2-11.3 cm, elliptical, apex acuminate, base cuneate, margin subentire to grossly dentate, the petiolules 3-8.0 cm long; lateral leaflets 9-18 × 3.5-10.5 cm, ovate-elliptic, base obtuse, Distribution. Malesia: Sumatera, Borneo and The Philippines.
Ecology and Habitat. In Sumatra it is known to occur on sandy soil of depleted open secondary forests at ca. 20 m elevation. But in Sabah (Borneo) it is observed to occur from mangrove forest edge to the mountain ridges as high as 1100 m elevation at Mt. Kinabalu. It is also the known host for Rafflesia keithii, an endemic species to Borneo Coll. number SNP4088 [1, 11] . In Sarawak (Borneo) it was reported from the mixed dipterocarp to submontane forests at altitude ranging from 110 to 1100 m above sea level. It has also been reported that the local fishes, such as Sema and Tengadak are attracted to the berries when they fall into the river.
Observation. It is recognised by its coriaceous leaflets, secondary reticulation very conspicuous, the terminal petiolules about five times as long as the lateral ones, peduncles are very short, bracteate and the berries are ellipsoid. It is closely similar to T. curtisii in terms of its conspicuous nerves between the secondary venations.
During field samplings, some of the host plants were not able to be collected together with the Rafflesia due to several limitations. First, there were no climbing lianas around or near Rafflesia tuan-mudae when collections were made. This could be due to the growth habit of lianas of which the stems are very flexible and tend to grow and climb in all directions [13] . Second, the leaves of the host plant were too high in the canopy thus we were unable to collect materials for voucher specimens. This is possibly due to the presence of tendrils that are helical in shape and tend to coil to other nearby plants allowing the lianas to climb to sufficient height to catch the sunlight [1, 14] . Figure 3 shows the blooming flower of R. tuan-mudae and its host plants which were collected together.
Conclusion
This is the first detailed study reporting the host plants of R. tuan-mudae as both T. rafflesiae and T. diepenhorstii in Sarawak, Malaysia. This finding is therefore crucial in identifying a need to conserve both host plants of R. tuanmudae, in order to preserve the population of R. tuan-mudae.
